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Along the almost innumerable vast enterprises of our country metallurgical industries take a 
front rank, and indeed it may be said that American metal interests stand unrivalled in the 
world. Perhaps a decade ago England and Germany held precedence in the. production of? iron 
and steel, but America is now no mean competitor and bids fair to far outdistance old country 
output. •
No other land possesses such a diversity of ores as does the. United States, and from 
this fact, coupled with American ingenuity and energy, is due the perfection and wonderful 
increase in metallurgical processes in fehe new world. Rapid analytical methods have kept 
pace with this marvelous growth and have been no small factor in establishing the supremacy 
of America in the metallurgical field.
These industries demand, quick, accurate and convenient methods for the estimation of 
’elements occurring as what may be termed extraneous substances, some of which exert a benefic­
ial effeet on the finished product, i peculiarly true of iron and steel ] and some detrimental 
ano even dangerous characteristics. Methods for the determination of iron and manganese have 
already reached a highly satisfactory stage while much is still to be desired with regard to
■ r
nickel and cobalt as is forcibly shown by Harris, Journal American Chemical Society, March, *93. 
and again by the fact that France offered a considerable prize for a good method of estimating
these two metals, competition closing September go, 1897 . Jr. Eng. Mining. May ss, 1897.
“5 3 \'i2,
A realization of this lack of methods for the estimation and separation of nickel and cobalt 
furnished the incentive for the work undertaken in this thesis which is limited to an investi­
gation of various volumetric schemes commonly used in determinations other than the two ele­
ments in Question. These methods have been applied with various modifications to the sep­
aration and estimation of the metals, and the endeavor has been to point out if possible 
reasons for failures, and also to determine whether or not the commonly accepted idea of the 
indefinitness of the nickellic hydroxide is true.
No concordant results being derived from the use of iodine and oxalic titration meth­
ods the employment of hydrogen peroxide in acid solutions as a reducing agent was suggested, 
consequently some idea of the characteristics and behavior of this compound was imperative.
A resume of these properties is embodied in the several pages following.
' ilsoo*er> or nydrogM  Peroxide by Thenard In 18i8 gave to the chemical world a compound
thoroughly paradoxical in its nature, possessing peculiar properties, now strongly oxidizing, 
and again reducing, the conditions of the reactions being enigmatical and more or less shrouded 
in incomplete knowledge. Bruhl [Ber. 2 0 , 8847] speaks of hydrogen peroxide as a material most 
rich in oxygen yet evincing weak oxidizing powers but being strongly reducing; not an oxidation
product of water, but a reduction compound or oxygen. Bruhl-s observations do not reveal all 
the truth, later investigation showing that the 
and oxidizing in alkaline solutions.
In general terms this remarkable reagent Is produced when the peroxides or Barium, 
calcium, strontium, sodium or potassium are digested with any acid which may rorm a soluble 
salt with the base resulting rrom the decomposition or the peroxide, the excess or oxygen not .
reagent is strongly reducing in acid solutions,
escaping as a gas but passing over to a portion of the water
oxide-
and converting it to hydrogen per-
BaO + HOl * BaCl+ HsO.
PROPERTIES.
Hydrogen peroxide is a colorless, transparent liquid, specific gravity 1.45s, It does not freeze
at -30 deg,, evaporates In vacuum at ordinary temperatures without decomposition, it does not" 
redden litmus, but gradually bleaches tumeric and litmus, and is used in the bleaching of
feathers and articles of like flimsy character. Hydrogen peroxide is miscible in all propor­
tions with water, a solution containing eight times its volume of oxygen begins to evolve that 
gas at so deg. and then exhibits a state of violent ebullition at the cessation of which noth­
ing remains of the solution 'out water. Hydrogen peroxide unites with acids- sulphuric, phos­
phoric, nitric, hydrochloric- the mixtures being more stable than the peroxide alone.
The second atom of oxygen is retained by the hydrogen very loosely and separates under 
varying and oftentimes unexplained conditions, the volume at 14 degrees and 730 millimeters 
barometric pressure amounts to 475 times that of the liquid.
Submitted to electrolysis hydrogen peroxide is decomposed in much the same manner as 
water, hydrogen collecting at the negative electrode, and oxygen at the positive, the latter, 
of course, in greater proportion.
At freezing temperature the peroxide is quite stable, at ordinary temperatures an occas­
ional bubble of gas is evolved, the decomposition not being complete for months. If the temp­
erature be suddenly raised to 100 degrees the gradual escape of oxygen may be converted into a 
kind of explosion. Sunshine does not appear to accelerate decomposition at ordinary temper­
atures.
Decomposition is brought about by;-
contact with certain substances which either remain u n a lte re u  or take up a part of the oxygen
from the peroxide, or on t e contrary evolve oxygen themselves. The rapidity with which the 
materials induce the separation of oxygen depends not alone on their chemical nature but also 
on the minuteness of mechanical division.
In contradistinction to Bruhl’s statement that hydrogen peroxide is but a feeble oxidiz­
ing agent is tha fact of its use in converting arsenious acid to arsenic acid, sulphurous to 
sulphuric, the hydrated protoxides of iron, manganese and cobalt into tie peroxides and ses- 
quioxides; also its use in oxidizing the sulphides to sulphates in eoal analysis.
The protoxides of barium, calcium, strontium are transformed to peroxides, and being 
insoluble, are precipitated. Concentrated solutions of hydrogen peroxide aet with great 
violence on certain elements, sellenium, arsenic, molybdenum and chromium, converting them at 
once to their highest oxides. Charcoal, many metal3, and metallic oxides induce by mere con­
tact a more or less violent decomposition of the peroxide without themselves undergoing change, 
cold, platinum and silver, particularly in the spongy state, favor the decomposition. A 
slightly acid solution of hydrogen peroxide in less amenable to the action of these substances, 
while an alkaline condition facilitates the decomposition.[Catalytic.]
When hydrogen or barium peroxide is added to a protoxide of silver, mercury, perox­
ides of manganese, lead; chromic, permanganic, ferricyanlc acids or salts of these acids, in 
acid solutions, not only is oxygen gas evolved from the hydrogen peroxide, but also from the 
otner oxidized body. Several of these reactions were noted by Thenard in ibis but were more
closely studied by Bredis, isso. [ Phil. Trans. 759, 1850, - Chetn. Soc. Qu.-J.IV, VII.]
In accordance with his views it seems that the second okygen in the peroxide is not merely 
retained in unstable combination ’out that it is, by reason of its association with the oxide 
of an electro-positive element like H, Ba, thrown into a polar state opposite to the polar 
state of the oxygen in the unstable protoxide. When the peroxide is brought into relatiion 
with one or other of ttase oxygenized compounds the two oppositely polarized oxygens unite as 
Indicated thus: - . •*> 4
MngOO HgOO - MngO HsO 00 4 Is HsOO SHI 00 
If a 38 percent solution of hydrogen peroxide is placed in a polished platinum dish no 
evolution of gas is observed even at 30 degrees; on the contrary if the dish is scratched small 
bubbles are detached from the scratched surface at ordinary temperatures.. A 70 percent sol- 
n m o n  in a flask slowly evolves oxygen if air is admitted through a wide tube, and if the tube 
is capillary the evolution is rapid. The decomposing action of a salt is energetic in propor­
tion to the feebleness of the base. Sodium and potassium carbonates entirely decompose hy­
drogen peroxide, due to the acid function it exhibits toward certain salts. if a solution 
of hydrogen peroxide be gradually added to a solution of a carbonate pure oxygen is evolved.
If a carbonate Li added to an excess of hydrogen peroxide it is converted to an alkaline di­
oxide and carbon dioxide.
Distillation of Hydrogen Peroxide, American Chemical .Journal, 17, 222.
Practically anhydrous hydrogen peroxide has been prepared, by Wolffenstein, [ Ber. 27, 3307] 
at the Technlsohe Hochschule, Berlin. A three percent commercial solution of the peroxide 
freed from alkalies, metallic sulphids and other impurities, was concentrated on the water 
bath under 53 mm. pressure to a solution containing 49*5 percent H2O2, the yield being almost 
quantitative. Under ordinary atmospheric pressures a 20.2 percent solution was obtained, with 
a loss of 1 2 .9 ’percent. The operation was conducted on an oil bath at iao to i?o deg. C.
If the concentration is so arranged that the temperature rose only to 37 degrees then a 54 
percent solution was obtained, yield 75 percent. The method is slow. It is better to 
evaporate on a water bath the 'temperature of the peroxide not being above 73 degrees.
This gives a 83.6 percent solution, yield only 23.3 percent. Using a beaker Instead of an 
evaporating dish, solution 34.7 percent, yield 53 percent. A 45 percent solution was further 
concentrated by extraction, with ether to 73 percent, this distillled on water bath at 33 mm. 
in two fractions, one boiled at 81 to as, and was a 90.5 solution which by another fractionation 
gave 99.1 pure H2O2, boiling at 34 to as. It is a clear, syrupy liquid, volatile In the air, 
acid to litmus, forms two hydrates freezing at the temperature of mixed solid carbon dioxide 
and ether,
H2O2 H2O. H2O2 2H2O.
Hydrogen Peroxide In Quantitative Chemistry.
Clausen and Bauer i Ber. 16, 1061.1 used the peroxide advantageously in the quantitative deter­
mination of hydrochloric acid, hydrobromic and hydriodic acids in the presence of hydrogen sul­
phide the latter being oxidized to sulphuric acid, and the halogens estimated in customary flays. 
The oxidation of sulphur to sulphuric acid by hydrogen peroxide is of interest in the separa­
tion of arsenic, antimony, tin, zinc, copper, cobalt, from the sulphur of their sulphides. Sul­
phur can be liberated as HsS, then oxidized by H2O2. The chemists referred to above employed 
this method in estimating SbS3, Sb2Ss, SnS, CdS, PeS. Hydrogen peroxide also readily oxid­
izes sulphur dioxide, hence is used to oxidize barium and sodium sulphites and sodium hyposul­
phite, to sulphates.
Shell [ Rep.An.Ohem.3.] determines lead peroxide by H2O2, using a known amount of H2O2, 
allowed it to decompose the lead dioxide, and then titrated the excess of hydrogen peroxide 
with potassium permanganate solution. He also effected the same decomposition but measured 
the volume of oxygen liberated, the former method is recommended.
G.Lunge, [Ber.is. 1 determines potassium permanganate and manganese dioxide by using an 
excess of hydrogen peroxide and sulphuric acid, the oxygen being collected, and measured, 
half coming from the H2O2 and half from the Mn02.
The same worker [Ber. 19.1 proposed a method for determining the available chlorine in 
bleaching powder by measuring the oxygen, half emanating from the hydrogen peroxide, and half
from the powder, but states that the oxygen found Is just equal to the total available ehlorlne.
Carnot [ Compte Hendus 10?.1 determined chromic acid by hydrogen peroxide. The slightly 
acidulated solution of bichromate was titrated with a dilute solution of hydrogen peroxide which 
was then standardized by pure bichromate. The end reaction was shown by the absence of blue 
color when H2O2 is dropped into a chromic acid solution.
Lunge, t Jr. Soc. Ghem. Industry, 1, 1890, 9, 21] [ Sutton, 123, 165, 561], Ber. 14, 968]
Jr. Soc. Chem. Ind. 9, 22] recommends the use of his nitrometer for standardizing potassium per­
manganate, and for determining the value of bleaching powder.- “ It was found that convenient 
quantities of substances to use were 10 ec half normal permanganate, 15 cc ordinary 10 volume 
H2O2, and 30 cc of sulphuric acid, 1:5. The nitrometer having been charged with water, the mix­
ture was shaken up and allowed to stand ten minutes, shaken again and read off after five min­
utes. » [Sutton-j
Lunge says “ We cannot but observe that the standardization of permanganate with hydro­
gen peuoxide in the nitrometer when observing the prescribed precautions is one of the most ■ 
accurate known methods for this purpose, and withal possesses the great advantage that it is 
carried out in an extremely short time, without requiring a fundamental substance of accurately 
known composition.”
In the estimation of bleaching powder, to quote from Sutton, the process is thus out­
lined,- “ The reagent used for the decomposition of the powder is hydrogen peroxide, and the
reaction is, OaOOls H2O2 OaCl2 H2O 0. It i s desirable not to use a large excess of 
hydrogen peroxide, and the solution must be alkaline with caustic soda. It is not necessary 
to shake much and the reading should be taken in five minutes after mixing the liquids.”
Brodie [ Phil. Trans. 18501 estimated BaOs by treating it with hydrochloric acid or 
•' acetic acid in the presence of finely divided animal charcoal which decomposes it catalytically, 
The apparatus Including the material was weighed and the acid admitted to the Ba02.
Schonbein [ Jr. fur Prac. Ohem. 791 determined hydrogen peroxide In water solution by 
acidifying with sulphuric acid to secure complete reduction of the permanganate. The acid 
solution was then titrated by potassium permanganate.
Hamel [ Gompte Rend. 75] treated H2O2 with XMn04 and collected the oxygen, at the same 
time he standardized KMn04 for future U3e.
Instead of potassium permanganate Riche [ Jr. Phar.Ohem. 13] used Mn02 and sulphuric 
acldfor the determination of H2O2, the oxygen being collected and measured. Lead dioxide may 
be used in place of manganese dioxide.
Houzeau [ Gompte Rend. 06] employed the following method
H2O2 SKI sKOH 2I.
A measured amount of standard acid was poured into a neutral solution of H2O2 to be deter­
mined and a small excess of KI added. The liberated Iodine was boiled off and the excess of 
acid was titrated with alkali.
Bertrand used the above to estimate 3a0s and H2O2 [ Bull. Soc. Qhem. 333 but instead of disaa- 
patlng the iodine he titrated it with sodium thiosulphate.
Schone [ 2eit. Anal. Ohem. is] detects small Quantities of H2O2 in neutral solutions 
since H2O2 under these conditions liberates iodine from KI. Starch thus indicates .00008 g. 
in a liter. When there is more H2O2 than .001 g in a liter the method is not accurate since 
the color does not change in the same ratio as the substance.
Lunge [ Ber. 19] reversed his method for estimating bleaching powder and determined H2O2 
by excess of powder.
Potassium dichromate was used by Wilfarth [ Zeit. Anal. Qhem. 19883 to determine H2O2 
which was treated with sulphuric acid and the oxygen measured.
Carnot [ Oompte Rend. 107] titrated H2O2 with a solution of potassium bichromate with 
hydrochloric or sulphuric acid, and states that it is not so reliable as the permanganate 
process.
[Zeit. Ang. Chem. 18923 Two to five cc. of H2O2 solution or 8a02 mixed with saturated 
solution of potassium ferrocyanlde, and then, with caustic potash. One cubic centimeter of 
liberated oxygen is equivalent to 1.51932 mg. H2O2. Ba02 dissolved in dilute hydrochloric 
acid [ i:io3 , 2 to 3 cc KsFeCya and 10 cc NaOH in the apparatus as described, cool and mix. 
One oubic centimeter of oxygen is equivalent to 7.5564 mg. of Ba02.
A writer in the American Chemical Journal says * Nitric acid extends the use of H2O2 in
quantitative work and is more satisfactory where the formation of insoluble sulphates is in­
volved. Minium and lead peroxide In his hands yield thoroughly satisfactory results when 
treated with HN03. and HsOg. Commercial H2O2 should be diluted two or three times to prevent 
decomposition on standing. For minium an ekcess of H2O2 and HNO3 was placed in an Erlenmeyer 
flask, one gram was weighed into the flask which is connected with a Hempel’s burette or a 
Lunge nitrometer. The water in the nitrometer should contain NaOH to absorb GOs from impuri­
ties. *
•Jannasch in his work on the separation of metals by H2O2 in alkaline solutions finds 
that copper peroxide 13 precipitated o n ’adding H2O2 to copper oxide in ammonia, the precipita­
tion does not occur in the presence of an excess of ammonia or ammonium salts, and the precip­
itation Is incomplete, 1 to 2 percent remaining in solution. *
In one solution various oxides of copper are shown to be present.
Ten percent copper sulphate solution, [3 eo] with 20 percent soda [4 coo precipitates CucOH]2- 
Thls is dissolved in npartaric acid and 2 percent H2O2 added. The copper peroxide dissolves on 
heating and when cool deposits OuO.
Having in mind these properties of hydrogen peroxide, and recognizing the need of speedy 
and accurate volumetric methods for the estimation and separation of manganese, nickel and co­
balt, a study of the action of hydrogen peroxide on the oxides and hydroxides of these metals, 
and the possible titration o.f their reduction products was deemed warrantable.
The part manganese plays in the metallurgy of iron and steel, and the more or less recent 
importance of nickel in armor plates is already indusputably of great techiical interest, and 
the use of these metals has not as yet reached the limit of their application.
The estimation of cobalt is unfortunately a necessary concomitant with that of nickel. 
Volumetric methods for the estimation of manganese are quite generally employed in metallurgi­
cal industries and appear technically trustworthy. The ones in most general use may be out- 
lined-thus: -
[Pattlnson] The method depends on the manganese being precipitated as hydrated di­
oxide by calcium carbonate, when chlorine or bromine is added to a solution of manganous salt 
containing also a persalt of iron or a salt of zinc. The sample is dissolved in hydrochloric 
acid and the excess of acid neutralized with calcium carbonate and then acid is added to render 
the solution slightly acid. A solution of zinc chloride is poured in and the whole bro ught to 
boiling. Chlorine is obtained by the addition of bleaching powder. Finally more calcium 
carbonate is added, and the--'precipitate washed to remove all traces of chlorine. The pre­
cipitate is dissolved In ferrous sulphate, the manganese diokide converting its equivalent 
of ferrous sulphate into ferrie sulphate, the remaining ferrous sulphate belnl titrated with 
bichromate solution.
Westmoreland after bringing the material into solution, evaporates to a small bulk 
and adds a solution of ferric chloride and zinc chloride, the excess of acid is neutralized
with caustic potash, and bromine water added, and a zinc emulsion dropped in. After thorough 
washing an acid solution of ferrous sulphate is added, and the excess-of ferrous salt estiiat 
ed at once with permanganate.
] Volhard.] The material is dissolved in hydrochloric or nitric acid and evaporated to 
dryness, residue digested with HOI and a little strong sulphuric acid. Then neutralized with 
sodic hydrate or carbonate, and zinc oxide added, the solution made up to a known volume, 
acidified with nitric acid and titrated with permanganate. *
Volumetric methods for nickel and cobalt are neither so numerous or accurate, the only 
one of any importance Is as follows: -
Moore. - If to an ammonlacal solution of nickel containing A.gl in suspension i silver 
Iodide being almost Insoluble in weak ammonia] there is added potasaic cyanide, the solution 
will remain turbid so long as all the nickel is not converted into the double cyanide of nick 
el and potassium, the slightest excess of cyanide being indicated by the clearing up of the 
liquid, and furthermore this excess may be exactly determined by adding: a solution of 3ilver 
until the turbidity is reproduced”. Sutton.
The value of this method is limited, however since cobalt is estimated with the nickel, 
manganese and copper render it valueless as does also zinc. Therefore there still remains 
a large opportunity in this particular field of chemical research.
The work of this thesis is based on the following general facts: sodium peroxide or
the alkalies precipitate nickel as nickelous hydroxide, Ni[0H]2» while cobalt precipitates as 
the black, fully oxidized coba.ltic hydroxide, Co2[0K]e. In solutions of potassium cyanide thesr 
precipitates dissolve and cannot be reprecipitated while manganese can be completely, thrown out. 
Hence the operation may be epitomized thus:- Manganese is removed from nickel and cobalt by 
precipitation in cyanide solution, from one portion of the liquid nickel and cobalt are pre­
cipitated by sodium peroxide, the former as the nickelous hydroxide, the latter as cobaltic 
hydroxide. Now since hydrogen peroxide in acid solutions is strongly reducing the cobalt may 
be determined by adding H2O2 and titrating with permanganate the peroxide not used in bring­
ing abo ut the reduction. By precipitating both nickel and cobalt with sodium hypobromite 
a titration figure for both elements may be obtained, the nickel factor being found by sub­
tracting from the reading for both that found for cobalt.
PROCEDURE IN PRECIPITATING NICKEL.
The usual method in precipitating nickel is to obtain the nickelous hydrokide and. to oxidize 
this. The precipitate so derived shows a marked tendency to form an outer pellicle of thor­
oughly oxidised hydroxide while the interior of the particle remains uneffected. To reduce 
this tendency to a minimum and. to secure, if possible, a precipitate of homogeneus character 
the following manipulation was adopted:
Five cubic centimeters of nickel nitrate solution bearing .06 gram metallic nickel, 
to which had been added a decided excess of bromine water, was heated and then slowly poured
Into a boiling solution of sodium hypobromite, care being taken to have the solution of hypo- 
bromlte strongly alkaline. The precipitate is black, granular, easily filtered and washed. 
The precipitate was then subjected to the following titration schemes: ’•
Reduction with Hydrogen Peroxide and Titration with Permanganate,
Iodine and Titration with Sodium Thiosulphate.
Oxalic Acid and Titration with Permanganate.
The contradictory statements as to the stability of hydrogen peroxide in various acid solu­
tions and in the presence of salts lead to a few experiments.
10 cc Kg02 with 5 ec. dll. HN03, over night in no. e beaker, loosely covered,
Previously titrated with KMn04 required ............ 11 ec.
After standing required, ___ ...... . .... --- 10.8 cc.
25 cc H2O2 with 5 cc dll. HN03, over night,
Should be ......... ................................. 2?<5,
Found, ....................
10 cc H2Q2, 3 ec HNOs, stand 12 hours,
Should b e ...... ..........
Found ..... . .
10 cc. H2O2, dll. H2SO4, Found, .... .
Should be ...
H2SO4. NH4C1.
0 0 0 0- 0 0 0 £ t r. P c-. * 6 c t t r < r
26. 7.
10. 80
10. 9
10. 8,
10.8.
20 H2O2, 5 HNOs, 12 hrs. Should be ;.... .....
Found, ..............
20 H2O2, 10 HNOS, Required, ..........
Found,
The statement that nitric acid, favors the decomposition of the peroxide does not appear 
to be corroborated, at least for periods of time Involved In analytical operations. Small 
amounts of ammonium carbonate, ammonium chloride and ferric chloride exert no harmful influ­
ence.
TITRATION WITH HYDROGEN PEROXIDE.
The nickel precipitate washed into a beaker was treated with hydrogen peroxide under vary­
ing conditions as indicated in the several experiments.
TABLE I.
34 cc. H2O2 added to Ni precipitate, no acid at first, KMn04, ....  2.2,
25 co. H2Q2, . 2 drops H2SO4, .....  2.7,
40 CC.H2O2, no acid, .....  3.7,
TABLE 11.
20 CO. H202, 2. CC HN03, mixed and added to Ni. After 3-4 min. H2SO4 added, 13*4, KMn04,
20 CC - H202, 2 ec HN03, mixed, stand 10 min. H2SO4 before titrating,11.25, »
20 C O. H202, 2 CC HN03, warm slightly, stand 20 min. 11.2, »
30 CC. H202, 3 CC HNO3, warm, stand 10 min. 22.5, »
20 CC. H202, 2 HN03, stand 1 hr. 30 min. 21.3,
20 CC H202, 2 CC HN03, stand 1 hr. 30 min. 10.4, »
20 CC H2Q2, 5 CC HN03, over night, 9.0, »
20 CC HS02 10 CC HN03, » 9.3,
20 CC H202, 7 CC HN03, ferric chloride, 9.1 »
duplicate, 3 11.5, M
20 CC H202, 8 CC mo^ , ammonium chloride, stand one hour, 13.80, »
20 CC H202“, 3 CC HN03, ammonium nitrate, stand one hour, 13*3, n
20 CC H2Q2, 3 CC HN03, ammonium chloride, stand 30 min. 12.0, n
20 CC H202, 6 CC HN03, ammonium nitrate, H2SO4 before titrating, 11.53, 19
20 DC H202, 3 cc ammonia, fully reduced, H2SO4 ai,ded, 11.50, 19
These figures Indicate that the use of acid, especially of sulphuric acid, predisposes the 
reduction and solution of the nickel precipitate without effecting the hydrogen peroxide, 
apparently accomplishing this result by going entirely around the peroxide.
It is to be noted that acid alone does not reduce and dissolve manganese compounds,
put that some reducing agent, such as organic material, ferrous salts, sulphurous acid, HsOa,
must be present when the solution is at once accomplished. In the case of nickel this sol­
ution occurs without the presence of a reducing substance, and moreover, if H2O2 is in the 
liquid this action is brought about without exercising any definite effect on the peroxide.
It is therefore concluded that the widely differing results are explained by this action of 
acid, the amount of acid used determining in part the variations.
The experiments of TABLE 1* containing little acid show a large usage of H2O2, while
the experiments of TABLE II show a more or less excessive use of acid and a varying
use of hydrogen peroxide.
An endeavor to avoid this eccentric action of acid was made by trying the iodine titra­
tion. To the precipitate in an excess of water to prevent loss of iodine, was added an ex­
cess of potassium iodide, and a little hydrochloric acid, the liberated iodine titrated with 
normal tenth sodium thiosulphate solution with the following results.
TABLE III.
i, 14.9 cc thiosulphate required, 2, 10.3* 3, 9.0, 4, 13.7,
5, 4.4, 6, 20.9, 7, 13.75, 8, 16.-4,
9, 20.1, 10, 15.4, 11, 17.1.
The following equations, are offered as a possibl3 explanation of the lack of agreement in
the figures: - f
[l] 4HC1 N12I0HTS 2M O I 2 5H2O 0
[2] aHCl Nl2fOH]3 2N1C12 5H2O 2C1.
According to these equations the liberation of iodine would vary in proportion as the re­
action went one way or the other.
OXALIC ACID TITRATION.
The use of oxalic acid as a reducing agent was now employed. TABLE IV.
20 cc. oxalic acid and 10 cc H2SO4, mixed cold, added to'nickel precipitate, 9:4. MMa04*
20 cc. Oxalic acid, 10 cc H2SO4, mixed and heated, added to hot nl. sol. 13.3 ”
20 cc. Oxalic acid, 10 cc H2SO4, mixed cold, ? 11.0 ”
The figures evidence the fact that at varying temperatures the reduction varies, also that
the reduction goes Indifferently by way of the oxalic acid or by way of the sulphuric acid, as 
may be illustrated, thus:-
ilNiSiOHia 2H2S04- 2N1S04 5H20 0.
[2] Ni2 [OH] 3 O2H2O4 N10204. 4H20 20.
TABLE V-
10 cc. each of oxalic acid and H2O2, heated, added to nickel precipitate, then a
drop of H3S04- added, 8.3 cc KMn04,
10 cc oxalic acid aided first, then 10 cc. H2O2, and H2SO4, heated, 8.7 •
10 cc oxalic acid, 10 1202, mixed and added cold, H2SO4- before titration, 10.0,
Returning again to hydrogen peroxide as a reducing agent it will be observed from what has been 
said in regard to the action of acids on the nickel precipitate that the problem resolves it­
self into an endeavor to reduce and dissolve the precipitate without the use of acids, at 
least to so arrange the conditions that the aeid will exert no detrimental‘influence on the 
titration.
In the course of experiments having in view the counteraction of these difficulties 
a certain reaction was found to take place between the blaek nickellic hydroxide and solu­
tions of manganese salts, this reaction wa3 found to be as follows: -
Ni2 [OH] 5 2Mn [NO-3] 2 2Ni[N03J2 3-H20 Mns03-
By this reaction the nickel seamed to go. into solution and an equivalent quantity of man­
ganese was precipitated in the form of the higher oxide. The suggestion at once arose 
as to the possibility of effecting this transformation and titrating the precipitated man­
ganese compound. The constancy of behavior of manganese when reduced by H2O2 seems al­
ready to have been well established by the work of Julian, Journal Analytical Chemistry,
V. 15- This method involves simply the use of H2O2 and a little acid whereby the titra­
tion of Mn02 is constant and accurate.
3y reference to the above equation it would seem that the transformation of the mangan­
ese is to the form of the sesquioxide. It was assumed, however, that the use of a small 
quantity of acid, preferably nitric acid, would dissolve the MnO and leave an equivalent 
molecule of MnOs.
Moreover, the complete solution and removal of the nickel in the solution 3eems 
not to be effected without the use of a small amount of acid, thus introducing as would be 
suggested from previous experiments, a possible source of error. In carrying out this 
plan the use of manganese as nitrate with a small quantity of nitric acid promised to give 
the best results. *
TABLE VI.
20 cc H2O2, 20 ec Mn304 sol. 10 percent, 3. cc Bel. H2S04 added after the solution
cleared, ...............  11.4, KMn04,
Indef. MnS04, stand 5 min. warm and filter, run in H2O2 til clear,
3. cc HC1, H2SO4 before titration, ....................  2.0, ”
Same, no acid used, 40 cc H2O2, ... ...............................  3..7,
MnS04 indef. boil strongly, filter, few drops HNO3, 20 H2O2, .......  ii.o,
Same, using solution of ammonium chloride, .......................... 14.5,
20 cc H2O2, 40 cc MnS04, stand 10 min., ..............................  7.8.,
MaS04- indef. ’ooil strongly, filter, few drops HN0.3, 20 H2O2 ... ........... ..
25 cc MQSO4. 1 cc dll. HNOs, boil well, filter/ add dil. HNOs, 15, H2O2, .....
20 cc Mn804, 5 oc dll. HNOS, boil, filter, 15 cc H2O2, ....... ........... ...*.
10 MnS04, 2 cc H98O4, nearly to boil, filter, 15 H2O2, .................
10 MnS04, 1 cc H2SO4, boil 3 min. add HNOs slowly, 5 cc in all, ........
10 MnS04, 5 cc HNOs dil. to 50 ec, ai,ded slowly, ...........................
20 Mn[N0312 5 cc HNO3, added cold, stand and then boil, ................... ,
20 • 5 cc HNOs, heat to boll and. add to hot nl. pree..................
Same, nitric acid added slowly, .....................................
20 MnS04, dil. H2SO4 added slowly, boil 15 min.............................
Same without filtering, ............................................
Duplicate,
40 MnS04, no acid, boil strongly 30 min...................................
Same, acid before aiding H2O2, .............................. .
Same, acid after adding H2O2, ..................................
MntN0s]2 add cold 5 cc dil. HNO3, after 3 min. heat to boil, then add 5
cc more HNOs, boil 10 min...........................
Duplicate, .........................................
KMN04
0 . 0 , w
3; 2, n
8 .3 , n
9.‘ 1, »
9 .7 , »
7.9 , n
12. 2, n
10.0 , 3
5. 0,
9. 9, »
15.2 , V
6. 85, »
1 v. 25, »
2 j 5, »
11 .9 , »
9 r5. , m
10 Mn[NO-31 s with ammonium chloride, and ammonia, boll, filter, H2SO4, ....... 10, KMnO&
Same, omit filtering, ...............................  10.9, ”
Same, no acid, .............................    4.5, ”
10 MnS04, ammonium carbonate, boll, H2S04, ................................... 11.4, ”
5 MnS04, ammon 1 um sulphate, ammonia, boil 5 min...... . ....    1,2.5, ”
5 MniN03]2 and 15 H2O2, mixed and poured into ni. prec. 2-5 cc H2O2, added,
acid with HNO.3, ........ .................................. 6.0, *
Mn[N03]2, 2-3 drops H2SO4, 25 cc. H2.O2, ............................  2.7, ”
10 Mn[N0s]2, 3 HNO3 added slowly, 15 H2O2, ... .............. ...........  7<4, ”
0 » ” .................................  10.2, ”
” ” * .................................  10.9, *
” 1 HN03, • .................................... 5.7, -
” 3 HNO3, mixed before adding to ni. precipitate, ...........  10.55,"
In seeking for a satisfactory solution of the non-concordant results obtained we are forced 
to the. belief that aside from the peculiar action, of acids on the nickel hydroxide there is 
introduced an element of error due to the incomplete transformations brought about by the
ac. tion of manganese compounds on the nickel precipitate. The interchange may be illustrat­
ed thus: -
!U2[0H]8 sMn CN033 S SNI [N0-3J2 MngOs. 3H2O.
This interchange, however, as suggested, is not complete and hence the titration figures
n. ece&sarily show a wide range of difference., *
The various solutions, of ammonium salts were used with the hope of controlling the 
reduction and decomposition of the hydrogen peroxide in such a. manner that a constant titra­
tion method might be realized.
—  lie conclude that if a successful scheme is to be perfected along the. lines suggest­
ed here the conditions must be such as to accomplish the reduction and solution of the nick­
el compound without the. aid of acids and to render the use of hydrogen peroxide definite.
If the solution of the precipitate cannot be effected without acids then the reactions must 
be so arranged that titration may be performed without the possibility of error due to the 
power of acids to reduce and dissolve the nickel hydroxide without H2O2, as outlined previously.
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